Abstract
I. INTRODUCTION
The beliefs of many Americans in majority rule and in every-vote-counts were severely challenged by the 2000 Presidential election. As vote counting and recounting in Florida dragged on, many citizens renewed their acquaintance with the Electoral College and confronted the reality that the country does not directly vote for the President. 1 Understandably, alternatives to the existing winner-take-all system were discussed and reforms were proposed almost immediately after the election. The two usual proposals are election by direct popular vote and choosing electors by district, but other options exist. This paper points out weaknesses of the two familiar proposals and introduces two alternatives under the Electoral College framework: the Perfect Proportion system and the Integral Proportion system. While studying the strengths of these systems, it is stressed that a candidate can win the popular vote but lose the election under any electoral allocation system.
The framers of the Constitution established the Electoral College. Each state has a number of electors equal to the number of senators plus the number of districts or congressmen in that state. 2, 3 The electors vote for the President and the Vice President through majority rule. 4, 5 How electors are selected in each state is not specified in the Constitution. From the beginning, a few states allowed direct election by the voters, and the idea that the winner of the popular vote should take all the electoral votes in a state was adopted. 6 Meanwhile, a few other states did not allow their voters to cast ballots for the President, and the electors were chosen by their respective legislatures. 7 However, by 1836 the roots of the present "winner takes all" system, where the winner of a statewide popular plurality vote gets all the electoral votes from that state, was firmly in place. 8 The US Presidential Election has been run mainly under this winner-take-all Electoral College system at the state level. Called the E system in this paper, it is currently adopted by all states except Maine and Nebraska. The Electoral College is generally considered a success, though detractors frequently attempt to alter or abolish the system in Congress. While it is not the intention to defend the merits of the Electoral College, this paper does mention some of its strengths and weaknesses. The paper also endorses and investigates the possibility of keeping the institutional structure of the Electoral College while changing how each state allocates its electoral votes. In particular, to allocate electoral votes within a state, consider replacing the winner-take-all system by a proportional system. Two variants of a proportional system are a perfect proportional system using fractions and an integral proportional system using whole numbers. These intuitive electoral-vote allocation rules endorse the notion of every-vote-counts more strongly while preserving the important properties of the Electoral College. Further, the integral proportional system could also help minimize potential vote counting difficulties in elections.
Why have there been so many attempts to change the system? The main reason is that a president can be elected without winning a majority of the popular vote. 9 Worse, a president can be elected without winning a plurality of the popular vote. 10 These possibilities seem to violate the ideas of one-person-one-vote and of every-vote-counts: if every vote counts, how could the winner of the majority vote not gain the presidency? If the Electoral College is capable of producing these outcomes, and these possibilities become realities often enough to make us uncomfortable, shouldn't the system be changed so that every vote counts equally? Or if that is not possible, could the system be improved to strengthen the notion of equal votes without violating the Constitution? Can the election process be revised to minimize the likelihood that a candidate becomes President without winning a majority or a plurality of the popular vote? If the current Presidential Election process is to be changed, some natural alternatives present themselves.
The first alternative is to allow a direct popular vote for a President. Though it means that every vote counts as much as any other, this approach clearly was not what the framers of the Constitution had in mind. The Constitution did not specify popular voting in each state, let alone the whole country. Through the electors of the various states, the Constitution leaves the election of the President in the hands of the state legislatures. This means that the founding 8 This was true for 25 out of 26 states by 1836, South Carolina being the exception. 9 In fact, a president with a minority of the popular vote has won the Electoral College vote 16 times in U.S. history. fathers emphasized the interests of the states, not of individual citizens, in the election of the President. Moreover, the Electoral College arrangement can minimize the problem of vote counting, as only a few states with close votes may have to do any recounting.
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The next alternative preserves the Electoral College framework, but replaces the winnertake-all allocation system by an allocation method that allows the splitting of the slate of electors to reflect the popular vote in the state. This has been done occasionally throughout US history.
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One method is to allocate electors by popular vote per district. 13 Most recently, in 1969 Maine authorized each district's electoral vote to be decided by the popular vote, with the two remaining electoral votes going to the state's majority or plurality winner.
14 Nebraska also adopted this electoral allocation system in 1996.
15 Currently, these are the only states adopting the elector-by-districts system, although historically many states experimented with it. This paper will refer to the latter system as the Maine-Nebraska model, or the E mn system, and will expand on its properties.
The goal of this paper is to consider alternatives to the direct popular vote and the existing widely adopted winner-take-all E system, and to gain a deeper understanding of different alternatives within the Electoral College framework established by the founding fathers. To this end, the properties of the E system are discussed first. Many of these properties are familiar. Next the properties of the E mn system are investigated. Among its undesirable characteristics, a candidate in a state could lose the electoral vote even though he wins the popular vote. This can happen if the E mn system is adopted by states larger than Maine and Nebraska: those with at least 7 electors.
16 I consider this a defect and hence consider alternative proportional allocation systems for electoral votes.
The most intuitive proportional electoral-vote allocation system would be to perfectly apportion the number of electoral votes by the popular vote in the state. 17 For example, if 51.29 percent of the state's votes go to a candidate, and if the state has 8 electors, then the state should allocate 4.1032 (= 0.5129*8) electoral votes to the candidate in question. This system will be designated the perfect proportional allocation system E'. A couple of problems with this system 11 Imagine a scenario in which every popular vote counts, many counties, or districts bicker over vote-counts, and every high court in the Land participates in the vote counting debate in the weeks following Election Day.
12 For example, in 1789 Massachusetts and New Hampshire combined direct election by the voters with choice by the legislature. 13 For example, in 1824, Illinois, Kentucky, Maine, Maryland, Missouri and Tennessee elected their respective electors by popular vote per district. However, shortly thereafter, most states abandoned the popular vote per district. See note 8.
14 Maine was the first state in 80 years to do so. 15 Because Maine and Nebraska allow each district to choose its own candidate, a splitting of the slate of electors is possible, but this has not yet occurred. 16 As of the 2000 election, Maine has 4 electors and Nebraska has 5 electors. 17 This means that the human electors would have to be abolished. present themselves. A minor one is the need to use many decimal places. Imagine one day when the media has to read off and newspapers need to print the many decimals associated with the electoral votes for each state. Does anyone want to contemplate and to compare such numbers?
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The second issue is more problematic: under the perfect allocation system, a precise count of the votes is important and hence much effort has to be spent by all states after the election. In other words, problems similar to the nationwide popular vote will manifest themselves again. It is true that the voting controversy in Florida and elsewhere may (hopefully) lead to reforms and better use of technology that take counting problems out of the equation. But the fraud issue in voting may become more problematic. In light of these issues, consider yet another proportional system of allocating electoral votes.
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The next alternative is intuitive and makes use of natural numbers. It is proposed that the slate of electors in a state is split roughly in proportion to the state's popular vote, with the modification that the plurality winner receives a favorable marginal adjustment. For example, take the earlier example where 51.29 percent of the votes in the state go to candidate A, and the state has 8 electors. As a perfect reflection of the popular vote requires giving 0.5129*8 = 4.1032 votes to A, it seems reasonable to allocate 5 electoral votes to A. This way, while receiving the most electoral votes, the plurality winner gets a small favorable adjustment, unlike the existing E system under which the plurality winner garners all the electoral votes. After awarding some electoral votes to the plurality winner, the process continues in a similar fashion to allocate the remaining electoral votes to the rest of the candidates. In particular, most of the remaining electoral votes are given to the next plurality winner. The allocation process stops when no more electoral vote is left. Note that this allocation system, to be referred to as the integral proportional system, or the E* system, preserves partially the preferences of popular voters. The plurality winner gets the most votes, but the minority winner (the candidate with the second most votes) may get some electoral votes as well. Even a third place finisher in the popular vote might win an electoral vote or two.
Since there is a range in which the plurality winner gets a certain number of electoral votes, this system has the virtue that close votes in some states may not matter as much as it does under the winner-take-all system. For example, in a state with 7 electoral votes, as long as A, the plurality winner, has a margin of victory of between 43 percent and 57 percent, he will receive 4 out of the 7 electoral votes. This is true because 0.43*7 = 3.01 and 0.57*7 = 3.99; with the favorable marginal adjustment, the candidate receives 4 electoral votes either way. If candidate A were to lose the popular battle to candidate B with 42% of the popular vote, he would have garnered 3 electoral votes instead. In this example, whether candidate A wins 42 percent or 43 percent of the popular vote translates to a difference of 1 electoral vote. Under the winner-takeall system E, it is a matter of 7 electoral votes. With this distinguishing feature and the simplicity of natural numbers, the integral proportional system presents itself as a serious contender as an alternative to the existing winner-take-all system. If adopted by all states, the perfect allocation system E' and the integral allocation system E* under the Electoral College framework retain the goals set forth in the Constitution by respecting the interests of the states. Further, both systems pay more respect to the will of the people, both majority and minority alike. The paper hence turns to investigating properties of the E' and the E* systems, as compared to the E mn system, and more importantly, as compared to the E system. It will be pointed out that as long as the Electoral College is retained, there is no guarantee that the nationwide popular vote winner will become President. This is true because the nationwide popular vote may not be consistent with the interests of the states.
After discussing the properties of all the systems, the incentive for different states to change the status quo are discussed. Presidential Election votes from 2000, 1968, and 1960 are also computed according to the proposed E' and E* systems. The 2000 election inspired the research of this paper because of the tight popular vote and the unprecedented controversial vote count involving many court battles. The 1968 election was chosen because of the major third party effect: Nixon won the presidency with only 43.4 percent of the popular vote to Hubert Humphrey's 42.7 percent and George Wallace's 13.5 percent. The 1960 election left many with the suspicion that fraud in several states allowed Kennedy to defeat Nixon. The paper then concludes with the findings and reiterates the lessons learned.
The main text of the paper uses simple examples in table form to illustrate properties of the different systems. These properties are listed as observations, and will be analyzed assuming that all states adopt the same system. Often these observations are examples counter to properties desired by many people. Most historical examples are relegated to footnotes or appendixes.
II. THE CURRENT SYSTEMS

A. Properties of the Winner-take-all or E System
This paper abstracts from the voters participation problem and creates simplified examples to help illustrate the issues at hand. 20, 21 To this end, assume that for approximately every 25 voters in a state, there is one district assigned to the state. 22 Hence, a state with 75 voters has 3 districts. Adding the two senators gives the state a total of 5 electoral votes. 20 In reality, not all citizens vote, and voter participation rates change from jurisdiction to jurisdiction. 21 The paper also abstracts from the so-called "faithless electors" problem. Faithless electors are people elected to cast their ballots in the Electoral College on behalf of a particular Presidential candidate but who cast their votes for someone else. No Constitutional provision or Federal law requires electors to vote in accordance with the popular vote in their States, hence the possibility of a faithless elector. Some states do have laws that faithless electors may be subject to fines or may be disqualified for casing an invalid vote and be replaced by substitute electors. This paper assumes that all electors cast votes consistent with the popular vote in the state. 22 Since the congressional districts are only reassigned once every decade and since voter participation can change from election to election, the examples mostly assume 25 voters in a district, but sometimes due to the nature of the example, more voters are assumed.
Further, all examples have only a few states, and these states together will be referred to as the nation or all the states. 23 Given that the concern is to see how popular votes are translated into electoral votes, and how the interaction among popular votes differs from the interaction among electoral votes, the examples serve to demonstrate the underlying competing or augmenting forces at work across all states under the Electoral College system. In the examples, Si denotes State i. Pa and Pb denote the numbers of popular votes cast for candidates A and B in an individual state. Likewise, Ea and Eb denote the numbers of electoral votes cast for candidates A and B in a state. The notation P:A and E:A represent the fact that the popular vote winner or the electoral vote winner is A for all states. Table 1 and Table 2 show a simplified nation with two small states and one large state, with three times as many voters in the large state as in each of the small states. The tables present two different scenarios under which close popular votes leave a majority in the nation favoring candidate A, yet either a landslide or a close outcome can occur in the Electoral College vote. In Table 1 slight majorities in S1 and S2 favor candidate A and this creates a landslide in electoral votes for A. However, in Table 2 the slight majorities in S2 and S3 favor A and this leads to a close majority win in the Electoral College for A. Table 3 and Table 4 show two scenarios under which the landslide popular votes across states are the same, while the electoral outcome can be close or a landslide. Consider next a comparison of Table 1 and Table 4 . In both tables the popular votes in the small states S2 and S3 are close and the majorities go in the opposite direction. So the electoral votes from the two small states "cancel" each other, and the large state becomes the sway vote. The many electors from the large state, with the help of the electors from the small state, create a landslide in electoral votes. Meanwhile, depending on the popular vote margin in the large state, the margin for the nationwide popular vote can either be small or large. Now compare Table 2 and Table 3 . In these tables, the popular vote in each small state favors one candidate, while the large state favors the other candidate. This can lead to a close vote in the Electoral College if the sum of the electors from the small states is close to the number of electors in the large state. Since a winner takes all electoral votes in each state, a slight or a large majority in the state's popular vote garners the same electoral votes. The strength of these majorities from all the states then determines whether the nationwide popular vote is a close vote or a landslide.
The above comparisons illustrate that, under the E system, there is no consistent relationship between the popular vote margin and the electoral vote margin. But this suggests the more troubling possibility that there may be no relationship between the outcome of the E system and the result of the nationwide popular vote. This is indeed the case as the next two observations indicate.
Observation 2
The winner of the E system does not necessarily win the simple popular vote for the nation. 24 
That is, a candidate can become the winner of the E system and hence the President with a minority of the popular vote. This possibility is called the nationwide inconsistency problem because the E outcome does not reflect the P outcome for all states.
Table 5 illustrates a case under which all states are identical in size and have the same number of electors. There is a slight majority for candidate A across all states. However, because two out of three states prefer candidate B, the Electoral College selects B as the President, despite the nationwide popular majority vote for A. This example clearly demonstrates an important property of the Electoral College system: the candidate with the most popular votes does not necessarily become President, as winning the popular vote does not guarantee winning the electoral vote. More importantly, the example shows that even if all states had the same number of residents and voters, there is still no guarantee that the winner of the nation's popular vote will win the Electoral College vote. In practice, with different states having different numbers of electors, the problem is further compounded. This problem-that the electoral outcome can differ from the simple popular vote outcome across all states-will be referred to as the nationwide inconsistency problem.
So far, overall features of the E system across all states have been discussed. Next consider two straightforward limited features of the E system within a state. These are important for comparisons with alternative systems within the Electoral College setting.
Observation 3
The The statewide consistency property is trivial because the winner of the popular vote takes all the electoral votes in a state under the E system. However, as observations show, the E outcome does not indicate or reflect the margin of victory in the state, since both slight and large margins of victory produce the same number of electoral votes in a state.
As long as a candidate receives one more vote than any other candidate in the state, he wins the popular vote and garners all electoral votes under E. This is a "single threshold" property; once the number of votes reaches this threshold, any additional votes for this candidate do not matter. However, when popular votes across all states are tabulated to form electoral votes, a single threshold will not reflect votes in a state as well as using multiple thresholds, which involves splitting the slate of electors in a state. This alternative will be analyzed after briefly discussing the Maine-Nebraska system.
Concluding Remarks on the E System
Recapping the main properties of the E system, the E outcome reflects voter preferences within a state, but the electoral vote does not indicate whether the popular vote was close or a landslide. Across all states, the winner under the E system does not have to win the nationwide popular vote and the winning electoral vote margin bears no relationship to the popular vote's winning margin.
B. Properties of the Maine-Nebraska Model or the E mn System
As noted, the elector-by-district model, currently used by Maine and Nebraska, was adopted by many other states at various times in the past. It is intuitively appealing because it respects the preferences of different congressional districts and presumably should reflect the preferences of all voters. Unfortunately, it may not adequately reflect the popular vote in the entire state. The question then is how fine a unit should be used to partition votes in determining our national leader? This issue will be addressed later. The next two observations point out a desirable feature of the E mn system, then a problematic aspect. Examples in this section refer to different districts of one state, unlike the previous examples dealing with different states. To facilitate the discussion, assume that each district has about 25 voters.
Observation 4
The E mn outcome may reflect statewide voter preferences better than the E outcome.
In general, the E mn system is expected to produce a better representation of the voter sentiment than the winner-take-all system E. This is illustrated in Table 6 . The state in question has 3 districts and 5 electors. Since candidate A wins the popular vote, he receives all the electoral votes under E, 5 to 0 against his opponent. If each district assigns its electoral vote, then candidate B receives 2 electoral votes because D1 and D2 vote for him. As candidate A wins the majority vote in district D3 as well as the state, he garners 3 electoral votes (one for winning the district, and two for winning the state majority). Candidate A is ahead in this state when the votes are split. It is clear that in this case the E mn votes reflect the popular votes in the state better than the E system. Table 7 shows that voters in two districts (D1 and D2) give majorities to candidate A, hence two electoral votes go to A. Furthermore, because the state's majority voters prefer A, 2 more electoral votes are assigned to A. That is, E mn a = 2 + 2 = 4. Given that B did not win the majority vote, his electoral vote equals the number of districts voting for him. That is, E mn b = 1. Note that in Table 7 , the majority of the electoral votes go to candidate A, and this outcome matches the majority preference of the state's population. One might argue that the E mn margin of 4 to 1 for candidate A does not reflect the popular margin well. But at least the outcome is consistent. In Table 8 , even a landslide in the popular vote in a different state leaves candidate A a loser to candidate B in terms of electoral votes. That is, although candidate A is heavily favored by the voters in the state, he is behind in the electoral votes under the elector-by-district system. Therefore, the E mn outcome does not necessarily match the popular outcome in choosing the winner.
This E mn reversal in outcome is considered an undesirable property of an electoral vote system. The majority vote in a state ought to be respected by allocating a majority of the electoral votes to the candidate who collects the most popular votes. Readers may have noted the differing number of districts in Table 7 versus Table 8 . This statewide inconsistency can only appear if the state has a sufficient number of districts.
If the same candidate wins the popular vote in every district in a state, then the E mn outcome will always be consistent with the popular outcome. Otherwise, this may not be the case. Assume that candidate A wins 1 district with a large margin, whereas candidate B wins the remaining N districts with only 1 vote to spare in each district. Further assume that candidate A wins the statewide popular vote. For the E mn outcome to reverse the popular outcome, the N electoral votes garnered by candidate B (from the N districts) must exceed the 3 electoral votes collected by candidate A (1 district and 2 for winning the state's popular vote). As N must exceed 3, the total number of districts in the state (N+1) must be greater than or equal to 5. Alternatively, the number of electors in the state must be at least 7.
Since currently Maine has 4 electors and Nebraska has 5, neither state could produce an electoral majority opposite to the popular majority. But if a state with at least 7 electoral votes adopts E mn , it would be possible for its electoral vote to go against its popular vote.
Observation 6
The E mn system can be unstable: given a change in the residency distribution of the voters, the consistency of the E mn outcome can change even with no change in overall voter preference in the state.
A change in the residency distribution of the majority voters within the state can affect the E mn outcome. Table 9 and Table 10 show voter preferences in a state with 5 districts, and with identical popular votes favoring candidate A by a slight margin of victory. In Table 9 , only D1 produces a majority vote for A, and A loses the electoral vote despite a win of the popular vote. Now consider the case in which two candidate-A supporters move from D1 to D2 (Table 10) . These moves produce a popular majority vote within D2, without losing the majority vote in D1. The additional electoral vote from D2 then gives the electoral victory to candidate A, which happens to match the sentiment of the majority of state voters. These two scenarios illustrate the second unsettling property of the E mn model. The outcome of the electoral vote should not depend on the residency distribution of the voters. The example suggests that the E mn system might provide a greater impetus to state legislatures to engage in gerrymandering, the practice of creatively carving out the boundaries of congressional districts when they are modified following a decennial census. For example, a state where the Republicans have a majority in the state legislature might concentrate Democratic neighborhoods in one or two districts, ceding control there in return for a higher probability of maintaining dominance in other districts. Under E mn this also would tend to maximize electoral votes for the party in power. Also, citizens frequently move from one district to another within the same state. Should the selection of our national leader depend on which district someone happens to reside during the election? To raise the question suggests that the answer should be negative.
Observation 7
The winner of the E mn system does not necessarily win the simple popular vote for the nation. That is, the E mn outcome may be inconsistent with the nationwide popular vote.
The nationwide inconsistency property of the E mn system originates from the structure of the Electoral College. Given that all allocation systems discussed are under the Electoral College framework, they all share this undesirable nationwide inconsistency property. Under E mn , as each state's electoral votes may not be consistent with its popular vote, the nationwide electoral outcome need not be consistent with the nationwide popular outcome after aggregating all the states.
Concluding Remarks on the E mn System
To recap the properties of the E mn system, the system seems intuitively appealing and its outcome is expected to reflect the statewide popular vote better than the E system. Unfortunately, sometimes it doesn't. Under the E mn system, the state popular vote may not win the electoral vote, if the state has at least 7 electors. Further, the outcome is sensitive to the residency distribution of voters in a state. Lastly, if adopted by all states, the E mn outcome may not be consistent with the nationwide popular vote.
Counter to intuition, the E mn system does not always fare much better than the E system.
25
Like the E system, the E mn system may not be nationwide consistent with the popular vote. Unlike the E system where the electoral vote is always consistent with the statewide popular vote, the E mn system cannot assure this. The force that gives the district-residency distribution the power to impact the state's electoral vote is similar to the force that gives the state-residency distribution the power to impact the nation's electoral vote. Some may argue that to select a national leader in a manner that respects the principle of federalism, it may be logical to accept the nationwide inconsistency property of the Electoral College framework. But the statewide inconsistency issue is a different matter. It may not be logical to take the district as a unit and build in the interest of the district to determine the electoral vote for a president. If the interests of different districts vary, then the electoral vote that supposedly represents the state's interest may easily flip-flop (as was shown in Table 9 and Table 10 ). And the electoral vote may not be consistent with the preference of the majority of the state's population (as was shown in Table 8 or Table 9 ).
All this suggests considering alternative proportional systems that incorporate a state's popular vote under the Electoral College framework. Two intuitive alternatives are the perfect proportional system E' and the integral proportional system E*. The E' system would accept fractional numbers of electoral votes that perfectly reflect the proportion of the popular vote for each candidate. The E* system would only take integral numbers of electoral votes and allocate them in a way that approximately reflects the popular vote in a state with a tilt towards the plurality winner. In these proposed systems, individual districts play no role. Like the existing E system, the state is the unit under which the popular vote is tabulated and included in the electoral votes.
III. POSSIBLE VARIANTS TO THE CURRENT SYSTEMS
A. The Perfect Proportional System E' and the Integral Proportional System E* Under the perfect proportional system E', if a state has N electors and candidate A receives α% of the popular vote, then the number of electoral votes assigned to candidate A is α% times N. The slate of electors in a state is split in as many ways as there are candidates.
Under the integral proportional system E*, the electoral vote received by a candidate is always a whole number. Assume that there are N electors in the state and three candidates, A, B, and C receive α%, β% and γ% of the popular vote, respectively. Assume further that α > β > γ and hence candidate A is the plurality winner. Then the number of electoral votes assigned to candidate A is the larger of the following two quantities: (1) the largest integer greater than α% times N; or (2) the largest integer greater than or equal to half of the electoral votes. 26, 27 If there is any residual electoral votes, the number of electoral votes will be similarly assigned to B. That is, the number of electoral votes assigned to B is the larger of the following two quantities: (1) the largest integer greater than β% times N and less than or equal to the number of remaining electoral votes; or (2) the largest integer greater than or equal to half of the remaining electoral votes. If any votes are left, assign them to candidate C. In this way, the E* system splits the slate of electors in favor of the majority winner by assuring that his proportion of electoral votes is close to but greater than his proportion of popular votes.
The two proportional allocation systems investigated split the slate of electors in a state. Given that more than two candidates can garner substantial popular votes, more than two candidates can receive electoral votes under E' and E*. 28 Hence, if either of the two proposed allocation systems were to be adopted, one might want to change the constitution to allow the winner of a plurality of electoral votes to win the Presidency of the United States.
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Some supporters of the Electoral College argue that the existing winner-take-all system tends to magnify the victory margin of the winner, and that this is desirable. The perfect proportional system does not keep this property. The integral proportional system does retain some magnification of the margin of the winner. 30, 31 Next turn to the properties of the E' and the E* systems, and compare them to the E mn and the E systems.
Observation 8
The E' and the E* outcomes are consistent with the statewide popular vote while the E mn outcome may not be. In general, the E' and the E* electoral vote assignments reflect statewide voter preferences better than the E mn electoral vote.
Table 11 takes the voter preference presented in Table 8 , where the E mn winner does not win the popular vote, and shows the electoral votes assigned to each candidate under the proposed E' and the E* systems. The state in question has 7 electoral votes and candidate A receives 28 A proportional allocation system might therefore encourage more candidates, which some people would not consider a good feature. For example, a one-issue candidate might hope to promise his electoral votes to a candidate who promises to support his issue. The E* system should minimize this impact since some threshold must be achieved before gaining any electoral votes. 29 If no candidate receives a majority of electoral votes, the constitution states that the House of Representatives determines who becomes President. Since a lack of a majority becomes more likely under E' or E*, widespread adoption of either system should probably be accompanied by a constitutional amendment that a candidate need only win a plurality of electoral votes to become President. 30 Strictly speaking, the degree of magnification under the E system is not uniform across all states either. This is due to the different number of electors assigned to the states. For example, in California, a 51% win in the popular vote can be parlayed into 54 electoral votes while in Delaware, a 51% win can only be turned into 3 electoral votes. Alternatively, from the 2000 Presidential Election, the extra 79,382 votes in Arizona that went to Bush turned into 8 electoral votes for him. The extra 79,474 votes cast for Bush in North Dakota only generated 3 electoral votes. (The votes in Arizona were: Bush 715,112 and Gore 635,730. The votes in North Dakota were: Bush 175,572 and Gore 96,098.) Likewise, the degree of magnification under the E* system is not uniform across all states, because it depends on the margin of victory and because different numbers of electors are assigned to the states. 31 Under E the electoral vote magnification is insensitive to the margin of victory once the threshold of victory is crossed. Under E*, the electoral vote magnification may depend on the margin of victory to some extent. Also, under E* the minority popular vote may not be totally de-magnified to zero, as is the case under E. 68/(68+57) = 0.544 of the popular votes cast. As 3.808 equals 0.544*7, this is the number of electoral votes received by candidate A under E'. Given that 57/(68+57)=0.456, 3.192 (=0.456*7) is the number of electoral votes assigned to candidate B. Under E' candidate A receives more electoral votes than candidate B because electoral votes perfectly reflect fractions of the popular vote going to either candidate. In particular, the ratio of the number of popular votes for A and that for B (the ratio of 68 to 57) and the ratio of the number of E' votes for A and that for B (the ratio of 3.808 to 3.192) are equal: they are both 1.193.
Since candidate A receives the most popular votes and since the perfect proportional number is 3.808, rounding up to a whole number means that 4 electoral votes are assigned to candidate A under E*. The remaining 3 electoral votes are assigned to candidate B. Again, under E* candidate A receives more electoral votes than candidate B, although under E mn candidate A receives fewer electoral votes. In general, because both the E' and the E* systems always assign the largest number of electoral votes to the popular winner in the state, and the next largest number of electoral votes to the next popular winner, etc, these numbers are superior to the E mn assignment of electoral votes. The E' and the E* votes reflect the state's popular vote in two ways. First, the E' and the E* outcomes are always statewide popular-vote consistent, since they count each voter in the state equally, disregarding the district a voter resides in. Second, in the case where even the E mn outcome is statewide popular-vote consistent, the E' and the E* electoral votes reflect the popular majority vote, but the E mn electoral votes bears little relationship to the statewide popular vote.
Observation 9
Like the winner-take-all system E, the E' and the E* outcomes are always statewide popular-vote consistent with the popular vote in producing a winner. Further, the E' and E* electoral votes reflect statewide popular votes better than the E electoral votes.
As indicated in the previous observation, the statewide popular vote winner always wins the largest proportion of electoral votes under E' or E* because winning the popular vote means that he gets the most electoral votes in the state under either proportional system. That the electoral votes under E' and under E* reflect the statewide voter preference better than that under E is also intuitive. The E' and the E* systems allow the possibility of assigning some electoral votes to other candidates, while under the E system, the second place winner does not garner any votes.
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For example, in a state with 3 electors, under E' any winner garners some votes so that the E' system reflects the popular vote sentiment much better than the winner-take-all system E. Likewise, under E*, a popular winner who collects less than 2/3 of the popular votes gets only 2 electoral votes. A second candidate who garners most of the remaining popular votes receives 1 electoral vote. This 2-1 allocation of electoral votes under E* is also a better reflection than the 3-0 allocation of electoral votes under E.
Observation 10
Like the winner-take-all system E, the E' and the E* outcomes may be nationwide inconsistent with the popular vote. That is, under E' or E*, it is possible for a minority popular winner to garner a majority of the electoral votes and become president.
33 Table 12 uses the voter preference from Table 5 to show how the E' and the E* electoral vote allocations differ from that of the E system. In this example, across all states candidate A wins the popular vote with a slight majority. However, because the majorities in two states vote for candidate B, the winner-take-all system declares candidate B the winner. Similarly, since being a majority winner in a state means that a premium of electoral votes is awarded to the candidate, B also wins the integral proportional system E*. However, candidate A is the winner under the perfect proportional system E' because the winning margins in states S2 and S3 for candidate B are not large enough to overwhelm the winning margin in S1 for candidate A. 
B. The Proportional Systems and the Existing Systems
The outcomes illustrated in Table 12 seem comforting. After all, the political authority did its best to give the right proportions of electoral votes to different candidates according to voter preferences in the state. Hence the perfect proportional allocation system E' is expected to provide the best representation in terms of electoral votes. Unfortunately, this example may generate a false sense of security that the outcome under E' is always consistent with the popular vote across all states. In fact this is not the case, as examples in Appendix 1 show.
Examples in Appendix 1 show that it is plausible under any Electoral College system to have a Presidential Candidate losing the election while winning the popular vote. The examples illustrate the unstable properties of any allocation system under an Electoral College. If the number of districts, voter participation, or margins of victory change slightly, the popular winner and the winners of different electoral allocation systems can change. Indeed, this lack of a fixed relationship between outcomes of different electoral allocation systems and the popular vote is the price that must be paid to preserve the Electoral College.
IV. HISTORICAL EXAMPLES
To ease any doubt that the previous examples are artificial, three more historical examples are presented. First, Appendix 2 reworks the 2000 Presidential Election using data from cbsnews.com downloaded on Dec 16, 2000. As the source only provided votes for the top four candidates, sum the votes for Gore, Bush, Nader, and Buchanan in each state and assume that that is the total number of votes in this state. 34 Although Gore won the nationwide popular vote, Bush ended up winning the Presidency by garnering 271 electoral votes to Gore's 267. When computed under the perfect allocation system, Bush wins with 261.01 to Gore's 259.89 electoral votes. 35 Under the integral allocation system, Bush still wins with 272 to Gore's 263 electoral votes. (In this case, Nader receives 3 electoral votes.) Note that in this election, all allocation systems under the Electoral College framework provide outcomes that are inconsistent with the popular vote. Table 13 further sorts pairs of states from the 2000 Presidential Election to see the consistency issue between different electoral college allocation systems and the popular vote across states. The criterion is to choose pairs of states that produce an E outcome that is inconsistent with the popular outcome across the two states. 36 In the case of Hawaii and South Dakota, the E, E', and E* outcomes are all opposite from the popular outcome across states. In 34 Details of the electoral votes assigned in each state are found in the Appendix. the remaining three comparisons, the perfect proportional system and the integral proportional system both generate results consistent with the popular vote although the winner-take-all system does not. Pg/T & Pb/T are the percentages of popular votes gained by Gore and by Bush, respectively. Pg and Pb are the actual numbers of popular vote received by Gore and Bush. Eg and Eb are votes garnered by Gore and Bush under the E system. E'g and E'b are votes collected by Gore and Bush under the E' system. E*g 1 and E*g 2 are votes allocated to Gore as the first place and the second place popular vote winner, respectively.
Finally, Table 14 presents hypothetical outcomes under E' and E* along with the historical popular and electoral votes garnered by each candidate under E for three elections. In 1960, Nixon would have won the election if the integral proportional system E* was used, but Kennedy would have still won the election if E' was used. 37 In 1968, the third candidate in terms of popular votes, George C. Wallace, garnered 46 electoral votes under E. Computations show that all allocation systems would have declared Nixon the winner.
38
37 Because the District of Columbia did not have any electors in 1960, the total number of states is 50. 38 Recall that under E' and E*, it is necessary to declare an electoral vote plurality winner to be the President to avoid the current requirement under which the House of Representatives determines the winner. In 2000, the popular vote in Florida was very close and Florida's 25 electoral votes meant that whoever won Florida would win the Presidency under the winner-take-all system. Hence there were many debates on how to count pregnant chads and various legal battles. The E* outcome has Bush winning 272 electoral votes to Gore's 263 votes, with 3 votes going to Nader. If the election were held under the E* system, Bush would have garnered 13 electoral votes as opposed to Gore's 12 electoral votes. But even if Gore had won Florida, Bush would have garnered 12 votes and Gore 13 votes. Then under E*, the grand totals of electoral votes for Bush and Gore would have been 271 and 264 respectively; and Bush would still have won. Hence, the unprecedented battle in the Florida vote count would not have mattered if the integral proportional system had been adopted.
V. LESSONS AND CONCLUSION
The 2000 election led to much talk in Congress about reforming the election process. Numerous failed reform attempts made over the course of US history cast serious doubt whether any reform can ever be enacted. On the other hand, reform is impossible if no attempt is ever made. In order for any possible reform to occur, all must fully understand the properties of the existing systems adopted by states under the umbrella of the Electoral College.
Dissatisfaction with the status quo results from recognizing that the popular vote outcome need not jibe with the Electoral College outcome. Thus, there is a demand for a system that better reflects actual popular voting outcomes. Naturally, a direct popular vote for the President would accomplish this. However, this practice clashes directly with the intention of the constitution's framers who focused on representation by states, using the Electoral College mechanism. Although the number of electors assigned to each state is determined by population, the manner of selecting electors is left to each state, and the practice of a popular vote (even within a state) was not endorsed in the Constitution.
The principles of federalism and the interests of the states underlie the Constitution. If these principles are to be sustained, the Electoral College should be maintained. If the principle of equality of voters is to be enhanced, a fundamental question is the following. How should the interest of the state be determined by its citizens? Two models are used at present: winner-takeall and Maine-Nebraska. For all practical purposes, the winner-take-all model currently decides the Presidential Election; it is precisely this model that many people believe needs improvements.
One frequently proposed alternative is the Maine-Nebraska model. Should the interest of a state be determined by the interests of its districts? If so, then the Maine-Nebraska system has some attractions. After all, voters from each district decide on the interest of the district and different districts together decide the interest of the state and therefore the allocation of electors for different candidates. Unfortunately, because the winner of the popular vote in a large state may not garner the most electoral votes from the state, this could generate inconsistent outcomes between the popular and electoral votes. 39 Further, if the principle of voter equality is to complement the interests of the states in selecting a President, why go through an unnecessary layer of districts? Although the Maine-Nebraska model has intuitive appeal at first blush, it is not satisfactory.
However, there are some attractive alternatives available. Other than the winner-take-all system, the most intuitive system is the perfect proportional system. This system has the virtue of keeping the principles of federalism and of "every vote counts equally" in the state, as the fraction of electoral votes assigned to any candidate reflects precisely his fraction of popular votes in the state. Minor problems with this system are that vote counting becomes important and that fractional numbers of electoral votes must be accepted. However, a worthwhile feature of this system is that it captures the principles set forth in the constitution and the newer concept of equality of all voters (as close as possible).
Another alternative that maintains the compromise between federalism and respect for voter preference is the integral proportional system. This system gives an imperfect proportion of electoral votes to the plurality winner in a state. The number assigned to the winner always favors him by apportioning the next integer that is larger than the fraction of the popular vote garnered by him. It is always greater than half the total electoral votes in the state to ensure the principle of plurality. A major virtue of the integral proportional system is that the margin of victory is magnified whereas the minority voter preferences are not forgotten. Given that the winner-take-all system magnifies the margin of victory of the plurality winner to the extreme and completely ignores other votes, the integral system is an improvement in preserving voter preference from a state. It has two additional virtues. It is elegant because it deals with whole numbers and close votes in some states do not matter. 40 This means that the vote counting and recounting problem is minimized. 41 The likelihood of fraud may also be minimized since results are less sensitive to small changes in vote counts.
However, as the Electoral College framework is retained, no allocation system of electoral votes can assure that the nationwide popular vote winner becomes President. The outcome of the electoral vote in a state, and hence the outcome of the Electoral College vote, depends on the margins of victory but not on voter participation rates in that state. The outcome of the nationwide popular vote depends on voter participation in every state but not on the margins of victory in each state. Therefore, as long as the nation accepts the principles set forth in the Constitution and wants to retain the Electoral College framework, there can be no expectation that the popular vote winner will necessarily win the Presidency.
How likely is it that a state will be willing to change its system? The state legislature of a fairly strong Democratic state or a fairly strong Republican state would not be willing to split its electoral votes. After all, why not keep all the electoral votes for their party? However, election results from 1960, 1968, 1992, and 2000 show that 29 states changed their party line in choosing a presidential candidate. Almost sixty percent of the states switch the party line in choosing their presidential candidate -this is not a small figure. Hence there is no comfort in maintaining the status quo of winner-take-all system as far as presidential election goes. 40 For example, in a state with 3 electors, as long as a plurality winner wins somewhat less than 2/3 of the popular votes, the margin of victory is not very important as he collects 2 electoral votes from the state. Similarly, in a state with 9 electors, as long as the margin of victory of a majority winner falls safely in between 55.6% (5/9) and 66.7% (6/9), the precise margin does not matter and he receives 6 votes. 41 If the integral proportional system had been adopted, the 2000 vote count fiasco in Florida could have been avoided. Presumably, similar vote count issues can be minimized in the future as well.
Currently the media reports that some members of Congress and state legislatures are proposing changes in the presidential election process. The Maine-Nebraska model is often mentioned. As observed, the compatibility of outcomes between any Electoral College system and the popular vote is tenuous. If only a few states are convinced to switch from the status quo, then more unpleasant and seemingly unfair results are sure to follow. It would seem preferable to have a reform adopted by all states, not just a few.
Appendix I. Under any Electoral College System One Can Win the Popular Vote but Lose the Election
The following example shows how easy it is under any Electoral College system to have someone losing the election and winning the popular vote. Table 15 examines the case of two states and compares popular vote outcomes across the two states with the different electoral vote outcomes. The idea is that the interaction between two states can lead to an understanding in the case of many states. In particular, the table gives the number of districts (#D), the average number of voters in each district (V per D), and the percentages of voters selecting candidates A and B (% for A and % for B, respectively).
42 Section A provides the basic setting in which the outcomes are similar to those in Table 12 : the E' outcome is consistent with the popular vote across states while the E and the E* outcomes are inconsistent. Sections B through E illustrate small changes from that depicted in section A, with the changes appearing in bold.
This example illustrates the possibility of an inconsistent outcome under E' -the perfect proportional system. Section B shows that if the number of districts in S1 is 6 rather than 5, then the E' outcome is inconsistent with the nationwide popular outcome while the E and the E* outcomes are consistent. Section C shows what happens when, instead of a larger number of districts in S1, the number of voters in S2 is smaller. These examples show that no Electoral College outcome is always consistent with the popular outcome. As the first three sections of Table 15 investigate the unpleasant property of the E' system, the outcomes under E and E* are always identical. The next two sections look into the impact on outcomes given changes in the winning margin in the popular votes. In section D, increasing the margin of victory for candidate B in S2 from section B reverses the winner between the E system and the E* system. In particular, both the E* outcome and the E' outcome are compatible with the popular outcome while the E outcome is not. Presumably, these are the outcomes that are hoped for in this study, since alternative systems that supposedly provide better electoral presentations of the popular votes relative to the widely adopted winner-take-all system are proposed. Unfortunately, this is also not always the case.
Section E in Table 15 shows that if the winning margin for candidate A in S1 increases, the outcomes are completely different. In this case, only the E outcome is consistent with the popular vote. The table illustrates the unstable properties of all outcomes: if the numbers of districts, voter participation, or margins of victory change slightly, the popular winner can change as well as the winners under the different electoral allocation systems. Further, the lack of a fixed relationship between the outcomes of the different electoral allocation systems and the popular outcome is prominent in the example. It seems likely that any of the scenarios exhibited in Table 15 can occur in reality. Pa/T-the fraction of popular vote going to candidate A.
Ea -the number of electoral votes allocated to candidate A under winner-take-all electoral allocation system E.
E'a -the number of electoral votes allocated to candidate A under perfect proportional electoral allocation system E'.
E*a -the number of electoral votes allocated to candidate A under integral proportional electoral allocation system E*.
(The subscript j refers to votes won because candidate A comes in jth garnering the most popular votes.)
